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APPENDIX P (CONTINUED) 
HARD PAN I INSTRUMENTATION PLANS 


This volume, containing the remaining three parts of Appendix P, pre- 
Sents the instrumentation plans for the final two events of the HARD PAN I 
test series and a general description of the instrumentation used throughout 
the series. 


PART 6 
HARD PAN I-2B EVENT 


1. TEST SITE LAYOUT 


Figure P-32 is a plan view of the HARD PAN I-2B test site showing 
the test structure, the HEST cavity and the BLEST field. Figure P-33 shows 
the instrumentation hole layout in the HEST area and identifies specific 
measurement locations. Figure P-34, the associated elevation view, shows 
the depths at which each of the measurements is made. 


as COORDINATE SYSTEMS 


Two coordinate systems were used to describe measurement locations. 
Structure and near field measurements were made with respect to a right- 
handed cylindrical coordinate system with z-direction (depth) Positive down- 
ward and with azimuth angle measured clockwise (as viewed from above) from 
a reference azimuth. The datum azimuth was taken to be toward the simulated 


detonation ground zero (along the array center line) from the test Structure 
centerline. 


For free field measurements a right-handed rectangular cartesian 
coordinate system with downward pointing Z was used. The origin of this sys- 
tem was taken to be at one of the corners of the HEST cavity as indicated 
in figure P-32, with the positive X axis extending parallel to the array cen- 
terline and away from the Simulated detonation ground zero. In this system 
the test structure centerline was located at X = 50 ft, Y = 44 ft. 


= a ieee ee Se eS 


3. INSTRUMENTATION 
a. Blast Pressure 


Twenty-five blast pressure gages were fielded. Seventeen of them 
were in free field installations and eight were mounted in the top of the 
test structure. Figures P-33 and P-34 show the free field locations and 
figure P-35 shows the structure locations. Tables P-58 and P-59 list the 
blast pressure measurements together with predicted levels. 


b. Pneumatic Pressure 


Three pressure gages were placed in a toroidal pressurized collar 
installed in the space between the upper and lower structures. These are 
listed in table P-59 and shown in figure P-35. 


c. Stress 


In the free field 46 soil stress gages of the WES SE type were 
emplaced. These are listed in table P-60 and their locations shown in 
figures P-33 and P-34. 


Structure and near field stress measurements totaited 49. The 
22 in the near field were made with the WES SE gage. The gages installed 
on the structure included 19 interface pressure gages (WAM) and 4 CERF developed 
interface stress gages, each of which measured normal stress as well as one 
component of interface shear stress. Table P-61 lists these measurements 
whose locations are shown in figure P-35. 


d. Acceleration 


Acceleration measurements in the free field totalled 128 (which 
includes 8 experimental measurements). The measurements are listed in Table 
P-62 and their locations are shown in figures P-34 and P-35. 


In the near field there were 52 acceleration measurements and in 
the structure there were 42. These are listed in table P-63 and shown in 
figure P-36. 


e. Velocity 


Sixty velocity gages were emplaced in the free field at locations 


Git. Ak. aa oo 


Shown in figures P-33 and P-34 and listed in table P-64, 


There were 26 Structure mounted velocity gages at locations 
Shown in figure P-36 and listed in table P-65. 


face velocity gages developed by CERF. 


Of these, six were inter- 


f. Relative Displacement 


Ten gages were installed in the Structure and near field to 
measure displacements of the structure parts with respect to each other 


and the medium. These are listed in table P-66 and shown in figure P36, 


g. Structural Stee] Strain 


Steel strain measurements were to be made at the 132 locations 
listed in table P-67 and shown in figure P-37, 


h. Strong Motion Seismic 


Thirteen Strong motion seismic acceleration measurements were 
made at the five locations listed in table P-68. 


i. Experimenta] 


In addition to the experimental acceleration measurements pre- 
vious ly mentioned, eight experimental blast pressure gages were fielded 
by S* at locations Shown in figures P-33 and P-34 and listed in table P-69, 


4. CHANNEL RECORD ASSIGNMENTS 


AFWL Instrumentation Vans E-1, E-3, E-5, and £-9 were used to record 
the instrumentation channels for HP 1-2B. Table P-70 lists the channels 
recorded together with calibration levels. Tables P-7] through P-74 show 
the channe] assignments in a concise form. 
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Figure P-35. Wear Field and Structure Stress Measurements 


(000° and 180°) - HP I-28 
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Figure P-35. Near Field and Structure Stress Measurements 
(090° and 270°) - HP I-2B (Continued) 
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Figure P-36. Near Field and 


Structure Motion Measurements 


(000° and 180°) - HP I-2B 
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Figure P-36. Near Field and Structure Motion Measurements 
(090° and 270°) - HP I-28 (Continued) 
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Structure Steel Strain Measurements (000° and 180°) - HP I-2B 
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Figure P-37. Structure Steel Strain Measurements (090° and 270°) - HP I-2B 
(Continued) 
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RECORD ASSIGNMENT TABLE - VAN 3 - RECORDER 1 


Table P-71. 


Saseom — + 


m 
N 
~ 
N 
N 
~ 


~ 
w 
wo 


L2Z 
9.9 


os fs [os [es [as us| uses fas us fas 


- _ 
~ m 
wo oO 

NI 

w 

w 


(ZH1) HLOIMONYE VLVG 


2 Y30YOITY - € NVA - 37GV1 LNSWNOISSY GYOISY “eé-d PLIeL 


~ 
~m 
A 
— 
~ 
A a 


a 
a [a [ae [ar [we [= 
sk [oe [ar fcr [ar [a 
so few) 
OG GG 
[ere foe et fo | esr [ir [se [tee [ae [ie 
7a ceed cao aca de ee ee ea 
fl el rh 


(ZH4) HLOIMGNYS WLVG ODA 


L Y30Y0I3Y - S NVA - 318VL INSWNOISSY GYOI3Y “EZ-d ALqeL 


oc 
~ 


|__| 220 | e20|| 20 | seo 20 | ez0 220 120 


9-L SY30¥0ISU - 6 NVA 


[a0 | sto sto] vio] eto 


v08 


- 318VL LN3IWNOISSY G¥093u 


“pl-d 21981 


a 


PART 7 
HARD PAN I-3 EVENT 


le TEST SITE LAYOUT 


Figure P-38 is a plan view of the HARD PAN I-3 test configuration. 
Figure P-39 is a plan view of the HEST area showing the locations of all free 
field measurements. Figure P-40 (in six parts) shows meesurement locations 


in elevation view. 


2. COORDINATE SYSTEMS 


Free field measurements are located with respect to a rectangular car- 
tesian coordinate system whose origin is at the upper left hand corner of 
the HEST cavity as shown in figure P-38. The positive X-axis extends parallel 
to the array centerline away from the simulated detonation ground zero as 


shown in that figure. 


Structure and near field measurement location are defined in a cylin- 


drical coordinate system similar to that for HP I-2B. 


In the rectangular 


coordinate system the structure centerline is at X = 150 ft, Y = 60 ft. 


3. INSTRUMENTATION 


a. Blast Pressure 


Table P-75 lists the 32 free field blast pressure gages in HP I-3. 


Their locations are shown in figures P-39 and P-40. 


Table P-76 lists the 


eight structure mounted blast pressure gages which are shown in figure P-41. 


b. Pneumatic Pressure 


Three pressure gages measured air pressure in the inflatable collar 


between the upper and lower structure parts. Locations are shown in figure 


P-4] and the measurements are listed in Table P-87. 


c. Stress 


Forty-five soil stress measurements were made in the free field 
as listed in Table P-77 with locations shown in figures P-39 and P-40. 


7 Ae eet eS eee 


Twelve soil stress measurements were made in the BLEST field. 
These are listed in Table P-78. 


Twenty-two soil stress measurements were made in the structure 
near field at locations indicated in table P-79 and shown in figure P-4]. 


Installed in the structure were 22 WAM gages and two interface 
Shear gages. The latter were configured to measure two components of shear 
as well as normal stress. Figure P-4] and table P-79 apply here. 


The Event 1 upper structure was emplaced at the location shown 
in figure P-39. It had four WAM gages with locations indicated in table P-79. 


d. Acceleration 


There were 206 transducers installed in the free field tc measure 


acceleration. These are listed in table P-80 and shown in figures P-39 and 
P-40, 


Fifty-three near field accelerometer installations are listed in 
table P-81 and shown in figure P-42. Shown on that figure and listed in that 
table are the 49 structure mounted accelerometers. 


e. Velocity 


Free field velocity transducer emplacements totalled 56 as listed 
in table P-82, 


Structure mounted velocity transducers were 26 in number, with six 
being CERF developed interface velocity sensing devices. Table P-83 and 
figure P-42 apply to these. 


f. Relative Displacement 
Twelve relative displacement gages were installed in the structure. 
These are listed in table P-84 and shown in figure P-42, 
g. Structure Steel Strain 


Steel strain measurement channels were 143 in number and are listed 
in table P-85 and shown in figure P-43, 


h. Strong Motion Seismic 


Table P-86 lists the twelve accelerometers installed at four 
strong motion seismic stations. 


i. Special Measurements 


To determine blast effects at the trailer shelter, two pressure 
gages were installed. These are listed in table P-87. 


j. Time-of-arrival 


As listed in table P-88, a total of 115 TOA gages were installed 
in the HEST and BLEST areas. 


4. CHANNEL RECORD ASSIGNMENTS 


AFWL Instrumentation Vans E-1, E-3, E-5, and E-9 were used to record 
the instrumentation channels to HP I-3. Table P-89 is a listing of all 
channels recorded together with calibration levels. The record assignments 
are also shown in tables P-90 through P-94. 
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Table P-88. Time-of-Arrival Measurements - HP I-3 


Measurement Location Measurement Gage 
Number X (ft) Y (ft) Type Type 
1001 0 0 TOA Pin 
1002 201 0 TOA Pin 
1003 350 0 TOA Pin 
1004 443.43 0 TOA Pin 
1005 503.16 0 TOA Pin 
1006 478.48 0 TOA Pin 
1007 533.37 0 TOA Pin 
1008 266.6 0 TOA Pin 
1009 318.4 0 TOA Pin 
1010 266.6 16.40 TOA Pin 
1011 405.98 28.41 TOA Pin 
1012 473.52 32.97 TOA Pin 
1013 528.73 35.71 TOA Pin 
1014 446.91 31.25 TOA Pin 
1015 505.75 35.46 TOA Pin 
1016 556.97 39.70 TOA Pin 
1017 318.4 21.6 TOA Pin 
1018 667.27 94.85 TOA Pin 
1019 346.59 48.71 TOA Pin 
1020 439.11 61.71 TOA Pin 
1021 498.26 70.03 TOA Pin 
1022 473.82 66.59 TOA Pin 
1023 528.05 74.35 TOA Pin 
1024 576.93 81.98 TOA Pin 
1025 623.28 87.69 TOA Pin 
1026 637.67 135.19 TOA Pin 
1027 679.73 144.27 TOA Pin 
1028 398.08 84.61 TOA Pin 
1029 464.29 98.69 TOA Pin 
1030 438.21 93.14 TOA Pin 
103? 496.61 104.90 TOA Pin 
1032 546 .47 116.38 TOA Pin 
1033 593.23 126.27 TOA Pin 
1034 647.58 185.49 TOA Pin 
1035 687.75 197.61 TOA Pin 
1036 336.44 96.47 TOA Pin 
1037 426.25 122.23 TOA Pin 
1038 459.93 131.87 TOA Pin 
1039 512.70 147.02 TOA Pin 
1040 560.43 160.99 TOA Pin 
1041 604.78 173.30 TOA Pin 
1042 211.00 86.40 TOA Pin 
1043 276.4 125.00 TOA Pin 
1044 612.07 223.17 TOA Pin 
1045 382.43 139.19 TOA Pin 
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Table P-88. Time-of-Arrival Measurements - HP I-3 (Cont.) 


Measurement Location Measurement Gage 
Number X (ft) Y (ft) Type Type 
1046 420.98 153.23 TOA Pin 
1047 476.48 173.43 TOA Pin 
1048 525.16 191.14 TOA Pin 
1049 569.4] 208.01 TOA Pin 
1050 266.6 -16.4 TOA Pin 
1051 405.98 -28.4] TOA Pin 
1052 473.52 -32.97 TOA Pin 
1053 528.73 -35.71 TOA Pin 
1054 446.91 -31.25 TOA Pin 
1055 505.75 -35.46 TOA Pin 
1056 556.97 -39.70 TOA Pin 
1057 318.4 -21.6 TOA Pin 
1058 667.27 -94.85 TOA Pin 
1059 346.59 -48.7] TOA Pin 
1060 439.11 -61.71 TOA Pin 
1061 498.26 -70.03 TOA Pin 
1062 473.82 -66 .59 TOA Pin 
1063 528.05 -74,35 TOA Pin 
1064 576.93 -81.98 TOA Pin 
1065 623.28 -87.69 TOA Pin 
1066 637.67 -135.19 TOA Pin 
1067 679.73 -144.27 TOA Pin 
1068 398.08 -84.61 TOA Pin 
1069 464.29 -98.69 TOA Pin 
1070 438.21 -93.14 TOA Pin 
107] 496.61 -104.90 TOA Pin 
1072 546.47 -116.38 TOA Pin 
1073 593.23 -126.27 TOA Pin 
1074 647.58 -185.49 TOA Pin 
1075 687.75 -197.61 TOA Pin 
1076 336.44 -96.47 TOA Pin 
1077 426.25 -122.23 TOA Pin 
1078 459.93  -131.87 TOA Pin 
1070 512.70 -147.02 TOA Pin 
| 1080 560.43 -160.99 TOA Pin 
1081 604.78  -173.30 TOA Pin 
1082 211.00 -86.40 TOA Pin 
1083 276.4 -125.0 TOA Pin 
1084 612.07 -223.17 TOA Pin 
| 1085 382.43 -139.19 TOA Pin 
1086 420.98 -153.23 TOA Pin 
1087 476.48 -173.43 TOA Pin 
1088 525.16 -191.14 TOA Pin 1 
1089 569.41 -208.01 TOA Pin 
1090 0 0 TOA Pin 
126 


Fula ding De ol + 


| 
| 
| 
| 
| 


Table P-88, Time-of-Arrival Measurements - HP I-3 (Cont. ) 


Measurement Location Measurement Gage 

Number X (ft) Y (ft) Type Type 
1101 0.380 -56 TOA Break-wire 
1102 7.885 -48 TOA Break-wire 
1103 15.229 -40 TOA Break-wire 
1104 22.427 -32 TOA Break-wire 
1105 29.484 -24 TOA Break-wire 
1106 36.422 -16 TOA Break-wire 
1107 43.245 -8 TOA Break-wire 
1108 49.974 0 TOA Break-wire 
1109 56.609 8 TOA Break-wire 
1110 63.172 16 TOA Break-wire 
111 69.661 24 TOA Break-wire 
1112 76.083 32 TOA Break-wire 
1113 82.458 40 TOA Break-wire 
1114 88.590 48 TOA Break-wire 
1115 95.073 56 TOA Break-wire 
1116 95.073 -56 TOA Break-wire 
1117 107.562 -40 TOA Break-wire 
1118 119.974 -24 TOA Break-wire 
1119 132.359 -8 TOA Break-wire 
1120 138.557 0 TOA Break-wire 
1121 144. 766 8 TOA Break-wire 
1122 150.995 16 TOA Break-wire 
1123 157.245 24 TOA Break-wire 
1124 169.849 40 TOA Break-wire 
1125 182.620 56 TOA Break-wire 
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Record Assignment Table - Van 3 - Recorder 1 


Table P-91. 
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PART 8 
HARD PAN J GENERAL INSTRUMENTATION PLAN 
This section addresses areas which 


events, such as measurement designation, 
connection schemes. 


are common to all the HARD PAN test 
transducers employed, and their 


1 MEASUREMENT IDENTIFICATION 


a. Measurement Numbers 


number. In general, the measurement n 


three digits, as 001, 184 or 601; for Special measurements a letter may be 
appended as in the series 901, 901A, 9018, 901C. In the latter case there is 
Still only one transducer involved, but its signal Output has been conditioned 
in different ways before recording. Passive measurement numbers begin with the 


letter P, Measurement numbers for the major HARD PAN Events have been assigned 
as shown below. FF means free field, S/NF 


~ structure/near field, and BL means 
BLEST area. 
HPI-] HPT-2A HPI-28 HPI-3 
001-020 001-026 001-028 001-040 Blast Pressure 
101-186 101-213 101-220 041-247 Acceleration (FF) 
301-394 301-378 251-391 251-400 Strain (S) 
401-420 401-503 401-460 401-458 Velocity FF) 
421-430 511-520 461-486 461-493 Velocity S) 
= 531-542 - - Velocity BL) 
201-257 221-296 501-604 501-640 Acceleration (S/NF) 
601-636 601-663 641-691 641-704 Stress (S/NF) 
501-504 551-560 711726 711-724 Displacement (S) 
~ 701-716 ~ - Acceleration (BL) 
- - 802-809 801-815 Stress (BL) 
- ~ 925-938 816-827 Strong Motion Seismic 
- - 051-096 851-895 Stress (FF) 
- 027 029-030 909-911 Waterstop Air Pressure (S) 
901-903 901-920 901-918 950-957 Experimenta] 
P1-P32 P1-P40 P1=P45 P1-P57 


Passive (S) 


b. Measurement Designation System 


The Measurement Designation System consists of eight coded sets of 
letters and numbers which define: (1) the organization establishing the 
measurement requirement, (2) how the data is recorded, (3) the exact sensing 
location of the transducer, (4) the basic measurand, and (5) the sensing axis 
orientation of the transducer. The Measurement Designation has the format 


A - A - AAAA - NN.N - NNN - NNN.N - AA - A A = Letter 
Field IZ 3 4 5 6 V8 N = Number 


Field 1 indicates the organization or AFWL branch establishing the 
measurement requirement: 


F - AFWL/DES-G (Free Field) 

S - AFWL/DES-S (Structure Dynamics) 

X - AFWL/DED-I (Instrumentation Development) 
A - AFWL/DED-A (Simulation Development) 


Field 2 indicates the method of data recording: 


E - Electronic 
M - Mechanical 
0 - Optical 
Field 3 denotes the general location at which the measurement is taken. 
For HPI-1 five general locations were defined as: 


CL - Closure of Structure 
LER or US - Upper Structure 
LT or LS - Lower Structure 
NF - Near Field - Backfilled Excavation Surrounding Structure 
and Cylindrical Volume Beneath It. 
FF ~ Free Field - Beyond Near Field 
BL - BLEST Explosive Area 
The fourth, fifth and sixth fields define the optimal sensing 
locations for the measurement. Field 4 defines the depth below test bed surface 
(feet) in a cylindrical coordinate system (HPI-1 and HPI-2A, 2B, 3 structure 
measurements) or the X coordinate in a Cartesian system (HPI-2A, 2B, 3 free field 
measurements ). 
Field 5 indicates the azimuthal angle in degrees measured clockwise 
(looking downward) about the structure axial centerline from a reference 000 
azimuth or the Cartesian system Y coordinate. 
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Field 6 indicates the (horizontal) radial distance in feet from the 
Structure axial centerline or the Cartesian system 2-coordinate. 
Field 7 denotes the type of basic measurand: 


A - Acceleration 
V = Velocity 
BP - Blast Pressure 
SE - Steel Strain 
RD - Relative Displacement 
FS - Soil Stress 
IP - Interface Pressure (WAM Gage) 
IS - Interface Stress (CERF Gage) 
IV - Interface Relative Velocity 
ID - Interface Relative Displacement 
Field 8 indicates the transducer sensing axis orientation: 
V - Verticai 
H = Horizontal 
R - Radial (Horizontal) 
T - Tangential or Transverse 
VS - Vertical Shear 
0 - Omnidirectional 
A ninth field is normally used to contain the three digit measurement 
number. The Measurement Designation as described above will appear on all 
Calcomp and other computer generated plots for the convenience of the data user. 
c. Measurand/Polarity Convention 


The convention to be followed in setting up transducer output polarities 
1s as follows: 


(1) Steel and concrete strains - tension is positive 


(2) Blast pressure, normal interface pressure and soil stress - 
compression is positive 
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(3) Interface shear stress - model movement down relative to 
soil to give positive output (Events 1, 2A). Model up relative to soil positive 
(Events 2B, 3). Model rotation clockwise relative to soil to give positive 
output. 

(4) Acceleration and velocity - motions downward, radially outward, 
and azimuthally clockwise are positive (Events 1, 2A). Up, out, and clockwise 
are positive (Events 2B, 3). 

(5) Interface relative velocity - model downward with respect to 
media to yield positive output (Events 1, 2A). Model up relative to media is 
positive (Events 2B, 3). Model motion clockwise relative to media positive. 

(6) Relative displacement - upper model motion down with respect to 
lower model to yield positive output (Events 1, 2A). Upper model up relative 
to lower is posic‘ve (Events 2B, 3). Upper model motion radially outward relative 
to lower model for positive output. Model diameter increase is positive. Items 
(3)-(6) apply to cylindrical coordinate system. Positive motion in the free 
field Cartesian coordinate system was in the negative X direction (Event 2A), 
positive X-direction (Events 2B, 3), positive Y-direction (a11 events), positive Z- 
direction (Event 2A), and negative Z-direction (Events 2B, 3). 


és TRANSDUCERS 


a. Velocity 
Both vertical and horizontal velocity measurements will be made using 
the Sandia DX type velocity gages manufactured by Bell and Howell. Their specifi- 
cations follow: 
(1) Horizontal Velocity Transducer 364137 


PERFORMANCE SPECIFICATIONS 


" Range: 4 to + 500 ft/sec 
Undampened Natural Frequency: 3 Hz + 0.25 Hz 
Resolution: Infinite 
Linearity of Undampened Gauge: 0.5% of full scale 
Repeatability of Undampened Gauge: 0.5% of full scale 
Hysteresis of Undampened Gauge: + 0.25% of full scale 
Shock Load: 5000 "g" any axis 


The transducer performance will not be degraded by 5 half-sine acceleration pulses 
of .30 ms in duration and 5000 "g" magnitude. The special pivots are 
secured within the head assembly, and when subjected to the above environmeitt , 
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no degration will occur beyond the Specification parameters. The E-core wil] 
remain tight and in place during the shock excursion. 


Temperature Sensitivity of full] range: Less than 1.5% per °C, 


Output: AC differential, compatible with carrier 
oscillators and amplifiers. 

Power Output: 1 watt maximum 

Output Impedance: (28 + j w 0.18) ohms full bridge nominal 

Excitation: 3KHz 10V RMS 

Physical Specifications: See DOD: CEC 364137 

Weight: 520 grams 


(2) Vertical Velocity Transducer 364142 


PERFORMANCE SPECIFICATIONS 


Range: + to + 500 ft/sec 
Undampened Natural Frequency: 3 Hz + 0.25 Hz 

Resolution: Infinite 

Linearity of Undampened Gauge: 0.5% of full scale 


Repeatability of Undampened Gauge: 0.5% of full scale 
Hysteresis of Undampened Gauge: + 0.25% of full scale 
Zero Adjust: Capability Provided 
Shock Load: 5000 "g" any axis 


The transducer performance wil] not be degraded by 5 half-sine acceleration 
pulses of .30 ms in duration and 5000 "g” magnitude. The special Pivots are 
secured within the head assembly, and when Subjected to the above environment, 
no degration will occur beyond the Specification parameters. The E-core wil] 
remain tight and in place during the shock excursion. 


' 
: 
’ 
: 
' 


Temperature Sensitivity of full range: 


: 
Output: AC differential, compatible with carrier 
oscillators and amplifiers. . 
Power Output: 1 watt maximum 
Output Impedance: (28 + j w 0.18) ohms full bridge nominal b 
Excitation: _ 3KHz 10V RMS | 
Physical Specifications: See DOD: CEC 364142 
Weight: 520 grams 
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The velocity gage uses a silicone fluid compound manufactured by Dow 
Corning, Series 210, as a damping fluid. The gage velocity range and response 
may be changed by using damping fluids of different viscosities. The viscos- 
ities currently available and the corresponding approximate linear ranges are: 


Viscosity Approximate Linear Range 
(Centistokes) Ft/Sec 
7000 Brass Pendulum 
5000 200 
2000 75 
1000 
30 
500 18 
200 


Because the damping fluid viscosity is temperature dependent, a number 
of thermistors will be installed at velocity transducer locations. Accurate 
calibration of these thermistors will enable the temperatures at the velocity 
gage locations to be determined through measurement of the thermistor resis- 
tances. These temperature determinations will be made frequently and will be 
logged. Those measurements made just prior to shot time will be used for data 
reduction. 


b. Acceleration 


Acceleration measurements for both free field and structures will be 
made using the following acceleration transducers: 


Endevco 2264A-5K-R 5000g 
Endevco 2261€-2500 2500g 
Kulite GB1000-1000 (Modified) 1000g 
Kulite GB1000-500 (Modified) 500g 
Endevco 2269C-250 250s 
Endevco 2262C-25 25g 


Specifications for these gages appear on the following pages. 
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SN RR, emer ~e, 


The Model 2264A Series of Piezoresistive Accelerometers Is designed for 
use In high shock applications. Their smal! size and low mass assure min- 
imum loading of the test structure. 


With a nominal full scale output of 500 millivolts at 10V dc excitation, the 
accelerometers can be operated directly into voltmeters, oscilloscopes and 
many recorders without amplification. High resonance frequencles and 
essentially zero damping allow the accelerometers to respond accurately 
to fast rise time, short duration shock motion. 


Piezite® Type P-16 Elements are utilized in two active arms with fixed 
internal bridge completion resistors to provide @ low impedance full bridge 
circuit. With a frequency response extending down to dc or steady state 
acceleration, these accelerometers are ideal for the measurement of long 
duration motion, 


DYNAMIC 
RANGES AVAILABLE ....... + §,000, + 10,000, 
+ 20,000, + 50,000 g pk 

OUTPUT, FULL SCALE ......500 mV nominat 
THERMAL SENSITIVITY 

Rat ey, ts eee ne +15/0/—15% nominal, at 0/75/150°F 
Q, AT RESONANCE ......... 50 dB, nominal 
DAMPING FACTOR ......... 0.002; nominal 


TRANSVERSE SENSITIVITY . . Designed for 5%, nominal 


Two times actual size 


COMMON SPECIFICATIONS FOR THE 2264A SERIES ACCELEROMETERS 
(According to ANS? and ISA Standerds) 


NOTES: 
"Unit is calibrated with 10.0 Voite de excitetion 
Warmup time to meet el! Specifications is one 
minute. The Endevco® Model 4203 Power Supply 
or Model 4470 Universe! Signe! Conditioner is 
recommended es the excitation source. 

‘The sensing elements, ceee, end ceble shield 
era Insuleted from each other. To shield the 
sensing elements from strey electric fields, 
ground the cese by removing the enodize on the 
flange under « ecrew heed. 

‘The suffix R efter the pert number Indicates thet 
bridge completion resistors ere mounted within 


the transducer. 


“Model 2264A-50K-R hes bean designed to with- 
ELECTRICAL pire — gin eaneniva any fy wer tested 
to thie level. 
pit iaeabie ght ieee ae 10.0 V de 3Recommended minimum pulse duretion for helf- 
ZERO MEASURAND OUTPUT . +50 mv de maximum, at 75°F (24°C) sine or trienguler namneiye oveit, Geosectes high 
THERMAL ZERO SHIFT ..... +30mVdc maximum, at 0°F and 150°F Inotuatien Mee eee endeveo® Pronoresistive 


(-—18°C and 66°C) reference 75°F 
INPUT RESISTANCE 


(full bridge) .........., 500 + 100 ohms (~50 K-R: 700 + 150 ohms) 
OUTPUT RESISTANCE 
(full bridge) .........., 500 + 100 ohms (—50 K-R: 850 + 200 ohms) 


BRIDGE COMPLETION 
RESISTORS ..........500 +100 ohms 


INSULATION RESISTANCE? . .100 M2 minimum at 100 V dc 


TABLE OF SPECIFIC CHARACTERISTICS 


Dash Number? 


Range, g pk 


Sensitivity, mV/g, at 10 V de, nom: 0.010 
minimum: 0.007 
Mounted Resonance Frequency, 

Hz nominal 180,000 
Useful Frequency Response, Hz, dc to 30,000 
Environmental Acceleration Limits 

Sensilive Axis, g pk + 100,000* 

Transverse Axis, g pk + 50,000 

Minimum Half-Sine Pulse 


Duration’, as 
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= ~ ‘reenactment ay sade ina 
d* tte, . : : 


COMMON SPECIFICATIONS swoueron oftOtySe.i28 
IN Hi Al 
FOR THE 2264A SERIES * CEONBUCTORE. SOAWG. 7% 38 [E 


STRANDED BARE COPPER one 
CONDUCTOR INSULATION TEFZEL need om (1 98) oto 35) 
INTERNAL BRIDGE SHIELD. BRAIDED 004 DIA BARE wax 


MPLETION COPPER, 80% COVERAGE 
oN SISTONS OUTER JACKET, PVC 


al ee 
4 (67, 
2 PLACES 


nae ff 40) AED + INPUT m0 (2 2m 
mt Poy DIA NOM 


r 
H 
‘ 
bi 4 ’ “INTEGRAL METAL 
| JT TO CRN + ouTPut —_ | ee: 
4 
1 S2 +H BLK - INPUT aia ALUMINUM CASE 
| > JO WHT - OUTPUT Tiwnto air PENDING 
tL 5—--~-1 9 SMIELD 8 
Tecase aioe CABLE SHIELD » 0075 ( 06) 
TO SHIELD SENSORS) 0000 ( 00) 


SCHEMATIC 


CENTER OF SEISMIC MASS 
“¥" + Ot0 |.25) 


f DIRECTION FOR 
POSITIVE OUTPUT 


C t k PER SCHEMATIC 
"Y" SEE TABLE 


Dimensione in *iches end (millimeters) 


coe pena ore ranid 
20-000 § ‘oo lasy | Tolwences HOO 09008 
$0,000 g 081 (2.06) 
PHYSICAL 
WEIGHT 1.5 grams nomina!, excluding cable 
SENSING ELEMENTS Piezite® Type P-16 
CASE MATERIAL Anodized Aluminum Alloy 
BASC BLOCK MATERIAL Nickel Alloy 
CABLE 4-conductor Integral shielded cable, 48 inches (1.2 m) long minimum, 
Tefzel insulated conductors, gray PVC jacket, Endevco P/N17370 
MOUNTING Two flanges, drilled to clear 4-40 screws, Recommended 
Mounting torque: 6 In-Ib (0.68 Nm) maximum. 
ACCESSORIES SUPPLIED Two each EH470, 4-40 x Ys cap screws: two 17147, fiat, size 4 special 


washers; EHM464 hex key wrench; protective sleeve’. 


a nr ee ee 


ENVIRONMENTAL 


ACCELERATION LIMITS See Table 

TEMPERATURE RANGE Operating: 0°F to 150°F (—18°C to 66°C) 
Non-Operating: --65°F to 200°F (~54°C to 93°C) 

HUMIDITY Epoxy sealed 


NOTES; ‘Test surface must be flet to within 0.00) In. TIR end lightly greeeed® to obtein good coupling between eccelerometer end teet mounting 
surfece. Tighten eech screw with the fingers, then torque eech screw alternetely, in 1 in-lb increments to the recommended mounting 
torque. Screw heeds must not touch cese wells. Check torque on @ech screw efter eech shock input. If check is not feesible, lock 
screw with ssfety wires, en eneeroblc thread seelent or other suiteble meene. *Dow Corning High Vecuum Greese is recommended 


imporient: Keep protective sleeve on unit while eccelerometer is not mounted. Although theee eccelerumeters ere reted for en eccelere- 
tion limit severel times their operating range, they must be hsndied with cere. 


[ ————— Tt ee rr 
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The Models 2261 and 2261C Accelerometers are designed as gen. 
eral purpose shock accelerometers for measurement of moderate 
to tong duration shocks in the +25U0 B range. The high natural 
frequency of these units (greater than 30 kHz) and iow damping 
(.01 of critical) permit accurate reproduction of rapid rise time 
inputs, while their OC response follows the longest pulses without 
droop or undershoot. 


These transducers use Piezite* Type P-9 elements in a full bridge 
circuit to obtain a high level Output at low impedance. The 2261C is 
a six-wire device that uses a pair of tixed resistors for half of the 
bridge to present a constant and known resistance to the extra pair 
of leads for shunt calibration techniques. 
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¢ Specifications for the Model 2261 and 2261C Accelerometere 
: {According to USASI and ISA Standards) 
id _ LY 
' DYNAMIC Model 2261 Modet 2261C NoTEs 
| — nin Shien | RAB: 
SENSITIVITY (at rated Sworaied) . 1a mV/g nominal 0.05 mV/g nominal 4203 Power Supphes or Model 4400 Signe! 
EXCITATION... : 10 Vdc! 10 Vde' senmttioners ere recommended es the excite: 
: INPUT RESISTANCE F 510 {2 nominat 330 2 nominal ‘Worst Cese error in eny axis perpendiculer to 
OUTPUT RESISTANCE 330 1? nominal 375 {2 nominal 1A toads ie tine (shield is common to cass 
MOUNTED RESONANT FREQUENCY 31,000 Hz nominal 31,000 Hz nominat Fen , 
‘ *5%)° Oto 6000 Hz 0 to 6000 Hz ation tor halt sine or triangiloy nae Shoutd 
FREQUENCY RESPONSE (25%) exceed 0.17 milliseconds to evoid high tre- 
DAMPING (approximately) .O1 of criticat .01 of criticat eg ringing. See Endevco Accelerometer 
TRANSVERSE SENSITIVITY » 3% maximum? 3% maximum? 
LINEARITY (END POINT) AND 
HYSTERESIS aL : £2% of range 2% of range 
ZERO BALANCE. + £25mMV maximum = +3.5 mV maximum 
(at rated excitation and +75°F) 
THERMAL ZERO SHIFT .. ..... #12 mV, maximum, +6 mV. maximum, 
at ~65°F and at ~65°F and 


+250°F, ref. +75°F, +250°F, ref. +75°F, 
THERMAL SENSITIVITY SHIFT -10% maximum, at -65°F and —250°F, 


vef, +75°F 
INSULATION RESISTANCE? 100 Mi? minimum at 100 Vdc. 
| WARMUP TIME - +» I minute to meet ait specifications. 


TYPICAL SENSITIVITY -TEMPERATURE RESPONSE 


The curve ieft shows typical deviation of 
Sensitivity with temperature, Note that 
although the accelerometer is well com. 
pensated over the entire range trom 
65°F to +250°F, there is an inner 
range from O°F to +165°F over which 
Sensitivity is extremely flat, typically less 
than 3% total deviation. The great ma- 
jority of measurements will fail within 
this smaiier interval. 
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Specifications for the Model 2261 and 2261C 


= —}++—0 RED + IN 


7 
‘ 

ti. 

i* 
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PHYSICAL 


WEIGHT 

MATERIAL 

SENSING ELEMENT 
MOUNTING 


ELECTRICAL CONNECTION 


GROUNDING 
~ ACCESSORIES INCLUDED 
OPTIONS AVAILABLE 


ENVIRONMENTAL 


STATIC ACCELERATION 
VIBRATION 

SHOCK 

TEMPERATURE RANGE 


“Taser “Trt rrr’ WHT. / RED CALIB. (2261C ONLY) 


| ++) WHT. /GRN. CALIB. (2261C ONLY) 
pr? GREEN + OUT 


BLACK - IN 
Oo WHITE —- OUT 
CASE, CABLE SHIELO 


cer et | 


- 410 DIA. [ — 106 
|—9 1% as {dl 
aie 5 3: 
2261M4 
- AND 2261M7 
_ —_» 94 EE ee 
570 ! | I ] 
CENTER OF . 
SEISMIC : 
_ | i %! 100 
4 a 
290 pad 
ans | ee Sat SO 
| +010 CO o7e + 004 
x Jal vcs 
S40 UH 
AN] PME THD. DEPTH 
sfesiliite TOLERANCES: 
Dimension in inches =. XXX == + 010 


35.5 grams (1.25 oz.) nominal plus cable 
Stainless Steel 
Piezite® Element Type P-9 


Base tapped for 10:32 NF x 44" stud 
Recommended mounting torque: 18 in.-Ib (20 kg-cm) 


2261: Two feet of integral four-conductor shielded cable, tinned leads. 
2261C: Two feet of integral six-conductor shielded cable, tinned leads. 


Circuit is isolated, shield is common to case 
Mounting Stud Model 298}.3 (10-32) 


Model 2261M4, same as Model 226) except with top connector. 
Model 2261M7, same as Model 2261C except with top connector. 


Se rns vAeenheneneeee 


+7500 g 
+7500 g 
+7500 g, 150 usec half-sine pulse or longer 


Compensated: -54°C to +121°C (-65°F to +250°F) 
Environmental Limits: -—73°C to + 349°C (-100°F to +300°F) 
HUMIDITY Unit is epoxy sealed 
eee ae 
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SPECIFICATIONS FOR KULITE ACCELEROMETER 
OD 


MODEL NOS. GB-1000-500 & GB-1000- 00 MODIFIED 
——_ $e FUUU= 1000 MODIFIED 


Range 

Over-Range 

Mounted Natura] Freq. 
Damping Ratio 


Transverse Sensitivity 


Combined Non Linearity & 
Hysteresis 


Sensitivity 

Excitation 

Input Impedance 

Output Impedance 

Zero Output 

Insulation Resistance 
Operating Temperature 
Compensated Temperature Range 
Thermal Zero Shift 
Therma] Sensitivity Shift 
Size 

Weight 

Mounting 


Electrical Connection 


GB- 1000-500 GB- 1000-1000 

+ 5006 + 10006 

+ 35006 + 70006 

9 KHZ, nominal 14 KHZ, nominal 
0.01 of critical 0.01 of critical 
nominal nominal 

3% max. 3% max. 

+ 1% of F.S, + 1% of F.S, 


0.2 mV/g, nominal 0.1 mV/g, nominal 
10 volts DC (or ACRMS) 
1000 ohms nomina) 
500 ohms nominal 
+ 3% of F. S. maximum 
100 megohm min. @ 50 voc 
-65 F to +250 F 
0° F to +120 F 
+ 3mv over compensated temp. range 
+ 2% over Compensated Range 
5/8 hex x .785 max. height 
25 grams nominal, exclusive of cable 


10-32 tapped hole, 10-32 threaded MTG 
stud furnished 


3 ft. of 5 conductor #28 AWG, shielded 
cable integrai with unit 


, Compensation Span and zero shift components contained 
ye within unit. In addition a shunt calibration 
resistor to simulate 50% (nominal) of full scale 
with a preselected TCR that minimizes temperature 
effects. Shunt calibration is put into effect 
by shorting the 5th lead to output terminal of 


‘ bridge (See Schematic 
Case Material 316 Stainless Steel 
Accessories Supplied Mounting stud and Calibration Data 


* 
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The Mode! 2260 and 2260C Accelerometers were designed to provide 
measurement of static and dynamic accelerations at a high signal-to- 
noise ratio, often without the need of auxiliary amplifications. This unique 
design with its high natural frequency and near zero damping provides 
for response from steady state to 2000 Hz without phase shift, over the 
entire compensated temperature range of —65° F to +250° F 

These transducers use Piezite® Type P-9 elements in a full bridge circuit 
to obtain a high level output at low impedance. The 2260C is a six-wire 
device that uses a pair of fixed resistors in half the bridge to present a 


fixed resistance to the extra pair of leads for shunt calibration techniques. 


ACTUAL SIZE ce 


Specifications for Model 2260 and 2260C Accelerometers 


DYNAMIC 
RANGE 


SENSITIVITY ......... 
(at rated excitation) 
EXCITATION . 

INPUT RESISTANCE . 


OUTPUT RESISTANCE __ 


MOUNTED RESONANT 
FREQUENCY . ; 


FREQUENCY RESPONSE 


(+5%)* 
DAMPING (app FOX. - 


TRANSVERSE SENSITIVITY. 


LINEARITY (ENO POINT) 
AND HYSTERESIS ...... 


ZERO BALANCE ......... 


(at rated excitation and 
THERMAL ZERO SHIFT 


THERMAL 


SENSITIVITY SHIFT ...... 
INSULATION RESISTANCES. 
WARMUP TIME .......... 


(According to USAS! and iSA Standarijs) 


Model 2260 Mode! 2260C 
~250 gto + 250g ~—250g to +250¢ 


1.3 mV/g nominal 0.62 mV/g nominal 
1.0 mV/g minimum 0.50 mV/g minimum 
10 Vde! 10 Vde! 

500 22 nominal 333 2 nominal 

500 2 nominal 375 2 nominal 


14 kHz nominal 14 kHz nominal 
10 kHz minimum 10 kHz minimum 


0 to 2000 Hz 0 to 2000 Hz 

01 of critical .01 of critical 

3% maximum2 3% maximum? 
+1% of range +1% of range 

+7 mV maximum +3.5 mV maximum 


+12 mV at -65° F +6 mV at —65° F 


and +250° F, and +250° F, 
maximum, maximum, 
ref. +75° F. ref. +75° F. 


-10% maximum, at —65° F and 

—250° F, ref. +75° F. 

100 M2 minimum at 100 M2 minimum at 
100 Vdc. 100 Vdc. 

1 minute 1 minute 


TYPICAL SENSITIVITY-TEMPERATURE RESPONSE 


Temperature 
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NOTES 


‘Unit is celibrated et 10 Vdc. It may be oper: 
ated et lower voiteges but should be specified 
at time of order, ENS*ZV°O® Model 4201 or 
4203 Power Supplies or 4400 Signal Condi- 
tioners are recommended excitetion source. 


*Worse case error in any axis perpendiculer 
to sensitive exis. 1% spec available on spe- 
cial order. 

3All leeds to case (shield is common to case 
ground). 


4In shock measurements, minimum pulse 

duration for half sine or trienguler pulses 

should exceed 0.5 milliseconds to evoid high 

pik i ai ringing. See Endevco Accelerometer 
enue 


The curve shows typical deviation of 
Sensitivity with temperature. Note that 
although the accelerometer is well com- 
pensated over the entire range from 
—65° F to +250° F, there is an inner 
range from 0° F to + 165° F over which 
sensitivity is extremely flat, typically less 
than 3% total deviation. The great ma- 
jority of measurements will fall within 
this smaller interval. Specially compen- 
sated accelerometers are available for 
use Over a narrower range. 
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Specifications for Models 2260 and 2260C 


600 DIA 
[ 7 


; 1.08 
"7 l. | 
CENTER OF 
SEISMIC 
e pas MASS 
F ——}e—0 WHT./ RED CALIB. (2260C ONLY) 
| i+ RED + INPUT Hh r 
' tt+——© GREEN + OUTPUT cs wai -t- wen 
i ;vy—* WHT./GREEN CALIB. (2260C ONLY) +.010 on 
! ig! | 250~ 
t his 005 DIA 
! t+ BLACK — INPUT ———.540 DIA 
L° ae WHITE — OUTPUT Dimensions in inches 
on CASE, CABLE SHIELD Selesender iog2Nr2pe” OEPTH 
XX = +.03 
XXX = +.010 

PHYSICAL 

WEIGHT 35.5 grams (1.25 02.) nominal, plus cable 

MATERIAL Stainless Steel 

SENSING ELEMENT Piezite® Element Type P-9 

MOUNTING Base tapped for 10-32 NF x 1%” stud. 

Recommended mounting torque: 18 in.-Ib. (20 kg-cm) 
ELECTRICAL CONNECTION 2260: Two feet of integral four-conductor 


shielded cable, tinned leads. 


2260C: Two feet of integral six-conductor 
shielded cable, tinned leads. 


GROUNDING Circuit isolated, shield common to case. 
ACCESSORIES INCLUDED Model 2981-3 Mounting Stud (10-32) 
ENVIRONMENTAL 
STATIC ACCELERATION +750 g 
VIBRATION +730 g (frequencies below 2500 Hz) 
SHOCK +750-g, 500 usec haif-sine pulse, or longer. 
TEMPERATURE RANGE Compensated: —65° F to +250° F (—54° Cto +121° C) 
Environmental Limit: -100° F to +300° F (-73° C to +149° C) 
HUMIDITY Unit is epoxy seaied. 
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The Models 2262-25 and 2262C-25 Accelerometers are designed to 
measure a broad variety of iong duration, iow level acceleration phe- 
nomena. Endevco PIEZITE® Type P-11 elements are employed in a 
full bridge circuit to obtain a high ievel output of +500 millivolts 
at +25 g full scale. This output is high enough to drive most tape 
recorders and low frequency galvanometers directly without ampli- 
fication. The Mode! 2262C Is a 6-wire device that uses a pair of fixed 
resistors in half the bridge to present a fixed resistance to the extra 
pair of leads for shunt calibration techniques. 


Although the rated range of these transducers is +25 g, they may 
be used to +50g A unique system of overrange stops (U.S. Pat. 
No. 3,474,526) limits the movement of the seismic element at ac- 
celerations of 60 g or more. This allows the units to withstand up 
to 80 times their rated range without calibration shift. The use of 
subcritical viscous damping extends their usefut frequency range 
and reduces the effect of spurious, high frequency vibrations. 


ACTUAL SiZE 


Typicai applications for these accelerometers inciude transportation 
environment testing, transient accelerations on large structural mem- 
bers, and combined environments of Steady state acceleration pius 
transient inputs. 


SPECIFICATIONS FOR MODEL 2262-25 and 2262C-25 ACCELEROMETERS 
(According to ANSI and ISA Stendarde) 


DYNAMIC MODEL 2262-25 MODEL 2262C-25 NOTES: 
Rated Range ~25to +25g —2 to +259 "Unit output is continuous between reted renge 
Usefui Range +609 +50 9 nto point, with performence 
Overrange Limiting +60 to + 150 9’ +60 to + 150 g' Worst cese error in e@ny axis perpendiculer to 
Sensitivity (at 10 V de) 20 mV/g,nominat 10 mV/g, nominai the sensitive exie. 1% selection is eveilable on 
Mounted Naturai Frequency 2500 Hz, nominai 2500 Hz, nominai Reach ol iW. dn <— 
Frequency Response + 5%, 0 to 750 Hz at +72°F (+22°C): A ay he Bree eal 
~35% /+10%,, nominal at OF 200°F Med eine airtel ba shuld be sper 
and 750 Hz. Compeneetion. Wermup time to meet be ban 
Damping Ratio (at +72°F) 0.7, nominai 0.7, nominai Cetione 18 1.5 minutes, maximum. Endeve 
Transverse Sensitivity 3% maximum? 3% maximum? pM ned pf Beene iy Ae quannne 
Linearity and Hysteresis + 1% of reading, maximum, to +25Q; the excitetion source. 
+3% of reading, nominai, to + 50g. ‘All leede to cose (ehield le common to cese 
Thermai Sensitivity Shift pss Gy/-0%. nominai, at 0°/+72°/ ground). 
ELECTRICAL 
Excitation? 10 Vdc 10 V de 


Input Rasistance (at +72°F) 2100 2, nominai 1000 2, nominat 
Output Resistanca (at +72°F) 1400 2, nominai 1000 2, nominai 


Zero Measurand Output +25 mv +25 mv 
(at 10 Vdc and +72°F) 
Thermat Zero Shift +15 mV, maximum at 0°F and +200°F, 
referenca +72°F. 
Insulation Resistance* 100 MQ, minimum 100 MQ, minimum 


(at 100 V de) 
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SPECIFICATIONS FOR MODEL 2262-25 and 2262C-25 
r 6 HEX “4 | 
—€)- 
| 
wade tee ae! IDENTIFICATION aise f 
CONNECTOR 


MATES WITH 
CABLE ASSEMBLY 


SUPPLIED ™ 2m SEISMIC MASS 


610 DIA 
070 


+ IN PIN t RED 

}Re CALIB. PIN § WHT./RED (2262C ONLY) 
CALIB. PIN 6 WHT./GAN. (2262C ONLY) 
+ OUTPUT PIN 2 GREEN 


005 + on 
~~ INPUT PIN 4 BLACK pat vi ta DEPTH 


' — OUTPUT PIN 3 WHITE 10-32 NF-2 
L.-----Ligo SHIELD 


In model 2262C, Tolerances: .XX = +0.03 
R = 10002 +1% Dimensions in inches XXX exe 40.010 


A PETE 


a PHYSICAL 
WEIGHT 28 gram (1 02.), nominal, plus cable at 6 gram (0.2 02.) per foot. 
MATERIAL Stainless Steei 
SENSING ELEMENTS PIEZITE® Type P-11 
MOUNTING Tapped hoie for 10-32 x We” stud. 
Recommended mounting torque: 16 In.-ib. (20 kg-cm). 
ELECTRICAL CONNECTION integral 6-pin connector. 
ACCESSORIES INCLUDED Model 2981-3 Mounting Stud (10-32), or Modei 2981-4 (M5 metric). 
2262-25: Model 3022-30 Cabie Assembly, 4-conductor, shielded, 30 Inches jong, 
with accelerometer mating connector. 
2262C-25: Mode! 3023-30 Cabie Assembiy, 6-conductor, shielded, 30 inches long, 


with accelerometer mating connector. 


yer ree 


ENVIRONMENTAL 


ACCELERATION LIMITS Static: 2000 g, In any direction 
Vibration: 1000 g pk, In any direction 
| Shock: 2000 g, in any direction 
TEMPERATURE RANGE Operating: 0°F to +200°F (-18°C to +93°C) 
Non-operating: —20°F to +220°F (-29°C to + 104°C) 
HUMIDITY Hermetically sealed by glass to metal fusion and weiding. 
BASE STRAIN SENSITIVITY 0.05 equivaient g, maximum, at 250 4 in./in. strain. 
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c. Blast Pressure 


All blast pressure measurements wil] be made with the Kulite HKS-5-375 
series of blast pressure transducers. Specifications for these gages are as 
follows: 


(1) Kulite HKS-5-375 Series Blast Pressure Transducer 


The HKS-5-375 Series of high pressure transducers is the result 
of a significant state of the art advance by Kulite in the employment of micro- 
circuitry in the field of transducers. 


Manufactured by using a monolithic integrated circuit Wheatstone 
bridge atomically diffused on a silicon diaphragm, these devices combine the 
major features of microcircuitry: substantial size reduction, excellent 
repeatability and relaibility, low power dissipation, etc. 


The high output and the low output impedance inherent in 
piezoresistive sensors make the transducers suitable for operation in hostile 
enviornments and obviate the requirement for expensive signal conditioning 
equipment, such as charge amplifiers and impedance matching devices. 


The miniaturization process also yields a marked increase in 
the natural frequencies of the transducers making them suitable of blast and 
shock pressure measurements. 


The small size, flush diaphragm and robust construction of the 
HKS-5-375 enable installation of the transducer directly in the wall of pressure 
containers eliminating costly, Space consuming hardware. 


The microcircuity techniques and the miniaturization process 
employed in the Kulite sensors combine tc yield a novel and improved device 
making possible reliable pressure measurements in areas previously inaccessible 
with conventional transducers. 


The HKS-5-375 transducer is installed in a 3/8-24 threaded hole 
with sealing accomplishes by a copper washer. The sensing surface is covered 
by a silicone based thermal barrier material (GE TBS-758). 


_— 


Pressure 
Rated (psi) 
Maximum (psi) 


Output-nominal (mV) 


Acceleration Sensitivity 
Perpendicular (% FS/g) 
Transverse (% FS/g) 


Natural Frequency (kHz) 
Bridge Type 


Bridge Excitation 
Bridge Impedance 
Zero Balance 


Combined Non-Linearity 
and Hysteresis 


Repeatability 
Operating Temperature 


Change of Sensitivity 
with Temperature 


Resolution 


SPECIFICATIONS 


HKS-5-375-5000 HKS-5-375-10000 
5000 10000 
7500 15000 
125 110 
00003 -00002 
- 000006 -000004 
675 700 


Fully active four arm Wheatstone bridge 
diffused into silicon diaphragm 


5V DC or AC 
350 ohms nom. 
+ 7% FS 


+ 1% FS 
0.25% 
-65°F to +300°F (-55°C to 150°C) 


+ 6%/100°F 
Infinite 


d. Structure Steel Rebar Strain Gages 


During construction of the LER and LT, strain gages were bonded to 


and radial strains in the rebar. 


e. Soil Stress 


the rebar structure at selected locations to measure various vertical, tangential 
The strain gages employed were the Type EA-06- 
125TG-350 manufactured by Micro-Measurements of Romulus, Michigan. The gages were 
applied in pairs, one on each side of the prepared rebar. Each of the gages is 
of planar rosette configuration, with one part sensitive to strain in the 
longitudinal direction and the other circumferentially. The two gages on opposite 
sides of the rebar are connected electrically in a full bridge configuration. 


Soil Stress measurements will be made using the SE gage manufactured 


by Waterways Experiment Station (WES). 


Specification for this gage are as follows: 
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Gage output (approximately) 0.20 mv/v/psi 


Linear range 0 to 1800 psi 
Design pressure 500 psi 
Max pressure limit 2000 psi 
Linearity, max 0.4 percent full range 
Hysteresis, max 1.6 percent full range 
Temperature range -30 to +150 F 
Suggested excitation 6 to 10 volts 
Max excitation 21 volts 
Acceleration sensitivity 
normal to diaphragm < 0.04 psi/g 
Apparent strain sensitivity 20 to 30 yin./in./psi 
Thermal sensitivity 
(zero shift) 1 psi/F 
Natural frequency 40,000 Hz 
Rise time 6 usec 
Gage modulus 4.52 x 10° psi 


f. Relative Displacement 
(1) Radial Motion 


Two rectilinear potentiometers to be used to measure diametral 
distortion of the LT are the Model 111 manufactured by Computer Instruments 
Corporation (CIC) 


The CIC rectilinear potentiometers are standard slide-wire 
potentiometers in which a Wiper moves over a resistance element as a shaft travels 
in or out of the potentiometer body. 


Electrical Specifications are as follows: 


Resistance 2,000 ohms + 10% 
Electrical Stroke 4 inches + 0.005 
Linearity 1% electrical stroke 
Dissipation 1 watt/inch 


Temperature Range ~55° to +150°C 
Dielectric Strength 750 volts RMS 
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Mechanical Specifications are as follows: 


Mechanical Travel Beyond 


Electrical Stroke + 1/16; - 0 
Starting Force (Max) 8 oz @ 25°C 
Stroke Velocity 50 inches/sec 
Shaft is Free to Rotate 

Weight Approx 6 ounces 


The potentiometer is electrically connected into the sensing 
circuitry as two arms of a full bridge with the bridge completion resistors 
located in the Splice Bunker. 


(2) Vertical Motion 


Two measurements will be made of the relative vertical motion of 
the LER with respect to the LT using a position/displacement transducer 
incorporating a multiple turn linear potentiometer of Lockheed manufacture. 

The potentiometer is attached to the top of the LT and the end of the cable 
responsible for driving the wiper is attached to the LER. Relative motion 
between the two results in the cable being drawn out of or pulled back into the 
potentiometer housing. This cable motion is translated into motion of the wiper 
along the potentiometer resistance element. The potentiometer is connected as 
two arms of a full bridge, with the bridge completion resistors being located 

in the Splice Bunker. 


g. Relative Velocity 


The CERF developed relative velocity gage measures the relative velocity 
between two adjacent media. The gage is in two parts with a permanent magnet 
being embedded in one medium and a conducting coil embedded in the other. The 
voltage generated across the coil as a result of changing flux linkages when the 
magnet moves relative to the coil can be related to the relative velocity of the 
two media. 


Figure P-44 illustrates schematically the configuration of a typical 
relative velocity gage installation. The coil, which is long and cylindrical, 
may be replaced by several coils connected in series to give greater sensitivity. 
Since linear gage response is lost when the magnet nears the ends of the sensing 
coil, the length of coil to be used in a particular application must take into 
account the expected relative displacements of the two media. 
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EMF 
Output 


Medium 1] 


Coil Canister 
Imbedded in 
Medium 1 


Figure P-44, 


Medium 2 


Motion of 
Medium ] 
Relative to 
Medium 2 


Magnet Canister 
Imbedded in 
Medium 2 


CERF Single Degree of Freedom 
Relative Velocity Gage 
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h. Interface Stress 


The CERF developed interface stress transducer is designed to measure 
both the normal stress at the interface between two media and the shear stress. 
Measurement of the normal stress is done by measuring the compression of a steel 
column. Measurement of shear stress is accomplished by measuring the bending 
of the same end-loaded colum. Figure P-45 is a cross section of the gage showing 
a typical installation at an interface, with the gage case being embedded in 
medium 1 and the end of the sensing column in contact with medium 2. Semiconductor 
Strain elements are bonded to both the primary and secondary elements to sense 
their deformations. 


For sensing column compression (normal stress measurement), both an 
n-type and a p-type element are bonded to opposite sides of the primary column. 
These are connected together in a full bridge configuration. 


For sensing colum bending (shear stress measurement), p-type strain 
elements are bonded to opposite sides of both the primary and secondary colums. 
The two columns are identical in both dimensions and mass so that acceleration 
effects can be cancelled out when the strain elements are connected 
to yield two arms of a full bridge. Bridge completion is accomplished with two 
external resistors. Although only the vertical component of shear stress will be 
measured in the DISC HEST event, additional strain sensing elements could be 
added to the gage to read shear stress in the horizontal (tangential) direction. 


i. Interface Pressure 


The gage which will be used to measure the pressure exerted on the 
Structure by the surrounding medium is known as the WAM gage. It is essentially 
a load-cell type device dependent for its output on the compression of a strain- 
gaged colum. Mechanical features of the gage are as illustrated in figure P-46 
The four strain gage elements bonded to the load spool are connected electrically 
in a full bridge configuration. 


For the DISC HEST event twelve WAM gages were cast into the structure 
at the time of construction, ten in the LER and two in the LT. 


Medium 1 Medium 2 


Figure P-45. CERF Interface Stress 
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Medium 2 


Medium 1 


Strain-Gaged Column 


Figure P-46. WAM Interface Pressure Gage 
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| j. Passive Scratch Gages 


As a backup to the active motion instrumentation a number of scratch 
gages will be installed to measure relative motions of the two parts of the mode] 


and the motion of the upper part of the model with respect to 


the Surrounding soil. 
These scratch gages 


are illustrated in figures P-47 and P-48, 
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Figure P-4g. Relative Slip Gage 
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3. CANISTER PLACEMENT IN SLANT HOLES 


Placement of canisters in slant holes uses a special tool which locates 
canister by “distance” downhole and in "roll" about the axis of hole. It also 
measures the declination of the hole in the neighborhood (5 ft uphole) of the 
canister. 


The canister is screwed onto the end of a placement rod (see figure p-49) 
and the placement rod is pinned to the inclinometer gage housing to prevent 
rotation. Care must be taken that the canister orientation is correct with respect 
to the inclinometer when they are connected. 


Rods (square tubing) of sufficient length to permit placing the canister 
at the proper location downhole are attached to the other end of the inclinometer 
housing. These rods, of calibrated length, are attached as required to attain 
the desired depth. 


When the desired depth has been attained the square rod is rotated to 
obtain a null reading on the roll inclinometer gage. The pitch inclinometer 
gage reading is recorded in order that the actual transducer orientation be 
known. 


While maintaining the correct depth and rol] conditions, grout is pumped 
downhole (through a hose) to cover the canister to approximately one toot. After 
the grout has set up sufficiently to hold the canister in place the positioning 
rod is rotated to unscrew the placement rod from the canister. The placement 
rod is coated with silicone grease prior to insertion downhole to prevent bonding 
to the grout. 


After removal of the positioning device, grouting and/or filling of the 
hole continues to the next higher canister emplacement level where the procedure 
outlined above is repeated. 


195 


[Oo] Buruo1z1sog alo URLS 4azstUeD “6b-d aunBry 


dn szas 3n04g [LQUN [oOoy 
HuLuorztsog YIM UOLZLSOg UL PLaH 


493Siue) yuaWNs3 SUT 


aLqe) uaonpsueuy 
(punoy) poy uawacsetg 


S}ULOP pauutd 


(Burqny auenbs) 
poy BuLuolizLsog 
Buisnoy wazewoul | uy 


S49} 0W013UGIOg SNO[Npusg 


196 


) 


- 
. 
- 
2 
? 
- 


s 


4 - 
i wz : TORT EHS, SE ae 


_ 7 ris 
; Le 
> | 


~ 


> aru Lue 
<= tyd , 
" ‘id Ae 


al 


4, FREE FIELD BLAST PRESSURE GAGE INSTALLATIONS (Event HPI-1 as example) 


Of the twenty blast pressure gages to be fielded, fourteen will be in 
free field installations along (approximately) the 000, 120, and 240° radials 
as shown in figure P-2 Typically, the gage mount will be fastened to a steel 
rebar stand which will be placed in a three foot deep hole so that the active 
gage face will be at the desired sensing level, namely, the surface of the HEST 
cavity floor. The hole will then be filled with grout to bring the surface level. 
Figure P-50 illustrates typical installations. 


To prevent gage breakage due to excessive overpressure peaks the Primacord 
in the vicinity of some of the gages will be tied up in such a way that the 
Primacord is not closer than 12 inches to the gages. This procedure will be 
followed for measurement numbers 005, 013, 019, and 020 as well as for all six 
of the gages mounted in the top of the LER. 


An alternative protective measure will be taken for the gages with 
measurement numbers 007 and 010. At these locations bolts will be cast into the 
grout column for the installation of heavy steel ported shields as illustrated 
in figure P-51. Neither at these particular locations nor at any of the other 
gages not mentioned above will the twelve inch Primacord clearance be required. 
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4 5. CONNECTION DIAGRAMS 


Figures P-52 through P-69 illustrate typical connection diagrams for the 
active instrumentation channels. These diagrams show all connections between the 
transducer and the splice bunker termina] strip. 
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